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HITRODUCTIOIf 
M&aj factors siay iiapair the development and functions of 
the root system of maize, i.e., unfavorable chemical or physi­
cal condition of the soil, the presence of toxins in the soil^ 
or pathogenic activity by certain soil-inhabiting animals and 
parasitic plants. While it cannot al^srays be Icnoisrn isrith cer­
tainty milch of tiiese factors is of major importance in any 
given situation, there exist certain fundamental associated 
agents which, to an undetermined degree, seem to contribute 
to the root rot syndrome more or less regularly. The manner 
in -which they function, and to v;toat extent, can be ascertained 
only by a carefuly stiidy of their action, independently and 
collectively. 
A revie-w of the literature of economic entomology leaves 
no question that, under certain circumstances, the southern 
com rootworm, Diabrotica undecimpunctata howardl Barber, does 
striking and serious damage to maize in the corn belt. 
According to several authors (Bigger et al., 1938j Bigger 
et al., 1941; Copper, 1942; Dungan, 1945; Pendleton, 1949), 
it causes losses virtually every year. Although accounts of 
estimated damage by this insect may be found, a search of the 
literature failed to reveal any report of the actual measured 
yield decrease caused by this pest alone, as compared to 
production by check plants grown under conditions free of all 
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anlmal pests and parasitic plants. Also, there can be found 
no reference ^ich gives the specific effects produced by the 
larva upon a maize plant i^en the roots are under attack by 
one or more pathogenic f^angi at the same time. Nevertheless, 
the part played by this root-worm in the bacterial -wilt disease 
of s-weet corn was shown by Rand and Cash (1924), and Poos and 
Elliott (1936), 
The ability of Pythiua graiainicola Subr. to actively 
parasitize the roots of maize has been reported by a number 
of Tirorkers (Valleau et al«, 1926j Edgerton, 1929| Sideris, 
1929; Rands and Dopp, 1934; Melhus et al., 1939; So, 1944)• 
Its presence in lov/a soils was demonstrated by Ho and Melhus 
(1938), Ho and Melhua (1940), Melhus et al. (1940), Welch 
(1945), Semen iuk (1947), and Siinnners (1947). Ho (1944) 
reported the effects of this pathogen, both independently and 
when in combination -with certain other parasitic and semi-
parasitic fungi, on the roots of maize seedlings. However, 
no account was found as to the effect the presence of corn 
root-worms in combination -wi-fch this pathogen might have upon 
the total damage to the maize plant. 
Investigations concerned with the development of satis­
factory techniques by -which these t-wo organisms could be 
brought together under controlled conditions; an evaluation 
of their roles, both independently and -g&ien in combination, 
as destructors of maize roots; and a determination of their 
subsequent effects upon the corn plant are herein reported. 
REVOT OP LITERATURE 
Diabrotica •andecimpunctata howardi Barber is distributed 
from Canada to northern Mexico and can be found in all areas 
of the United States east of the Rocky Mountains. Pythium 
graminicola Subr. has been reported as parasitizing roots of 
plants from nine countries in North America, Europe and Asia, 
and the islands of Hawaii, Puerto Rico, and Ceylon. Records 
of damage to TOots of maize in the United States date back 
to 1828 in the case of D. undecimpunctata howardi and to 1926 
for P. graminicola. 
Diabrotica undecimpimctata howardi Barber is that insect 
which for years has been known as Diabrotica duodecimpunctata 
(F.). Barber (1947, p. 151) gives reasons for making the 
change; 
Taxonoiaic trouble also involves our supposedly 
best known species, the 12-spotted cucumber beetle. 
An asparagus beetle now in Ciocerus was named 
Crysomela duodecimpunctata by Linnaeus in 1758 and 
when Fabriceus, in 1775 applied the same name to a 
different species it was a primary homonym. Source 
of the Fabrician type is unknown, as is also its 
identity with our pest. The code forbids use of 
the homonym. So the paradoxical course of describing 
the form we have called Diabrotica duodecimpunctata 
as it were new seems necessary. 
He thereby relegates to synonym Crysomela duodecimpunctata 
(P.), 1775 (not L. 1758) and Diabrotica duodecimpunctata, 
auct. 
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Webster (1892) believed that the first report of corn 
depredation bj the larval stage of this insect was "by Charles 
Yancey, from Virginia, in 1828. However, it 'aras not until 
Glover (1854) mentioned the insect specifically that it 
appears in the literature of economic entomology. Webster 
(1888) published the first account connecting the adult 
beetle with this destruction of corn roots by an insect 
larva. Chittenden (1906) recognized that the favorite larval 
food plants are menibers of the Gramineae. This observation 
was supported by the findings of Luginbill (1918). Arant 
(1929) concluded that of the Gramineae com is the preferred 
food plant for the larvae. 
Most early writers believed the damage done to corn by 
this root-worm was ccnfined primarily to the young seedling 
stage, and that its attack was restricted to the base of the 
plant and to the region of the upper adventitious roots. 
This type of attack invariably resulted in the death of the 
plant or killing of the central bud, hence the names "bud 
worm" and "drill worm" have appeared in the literature 
(Webster, 1888 and 1913; Quaintance, 1900; Thomas, 1912; 
Isley, 1929). Naturally, injury of this type was conspicuous 
and commanded much attention, particularly if the damage was 
extensive enough to necessitate the replanting of fields. 
However, damage of this degree occxirs only locally in the 
northern portion of the corn belt, and even today all writers 
are not agreed as to the destructiveness of D. undecimpunctata 
howardl to older plants. Floyd et al. (1949), while investi-
gating chemical insecticides for the corjtrol of the southern 
corn rootwona and the seedcorn maggot, Hylemyia cilcrura Rand, 
found that the application at planting time of one pound of 
gamma benzene hexachloride, or five potmds of chlordan, or 
twenty-five poiands of DDT per acre, increased the yield 
ei^teen bushels per acre® They expressed the opinion that 
the main damage to corn by these insects was in the seedling 
stage. 
As early as 1892, Forbes (1894, p. 129-130) made the 
folio-wing observations concerning the southsm corn root^orm 
in Illinois: 
As a consequence of the loss of roots and the 
general weakening of the plant, many stalks fail to 
set the ear, or form only nubbins. The injured 
plant also matures slowly, remaining green longer 
than the average, and being thus especially subject 
to injury by frost. 
A closer examination of the young plant will 
commonly sho-w a perforation of the underground part 
of the stem either at or near the upper circle of 
roots. Later, as the com plant increases in size, 
the roots themselves are seen to be gnawed irreg­
ularly, great holes or notches being eaten out, 
first in one direction and then in another, until 
the roots are severed or consumed. 
Despite these significant observations by Forbes, workers in 
the Midwest were rather slow to credit the insect with more 
than slight importance. However, in the South it was con­
sidered the most serious insect pest of com. Luginbill 
(1918) did not recognize it as a serious pest north of 
Maryland, southern Ohio, southern Indiana, and southern 
Illinois. Webster (1917) reported that it was not the 
southern corn rootnorm that does the most serious damage in 
lo-sra. Sweetmen (1926), in his study of the life history of 
the southern corn rootwoiro, did not consider it, "by itself, 
an important pest of com in Iowa# 
Webster (1913) suggested that the reason this pest was 
not- so injurious in the North might be that, by i±ie time ovi-
position begins in the spring and the larvae have hatched, 
corn has become too advanced in growth to enable these young 
larvae to penetrate the stem at the usual point of seedling 
attack. This being the case the absence of the conspicuous 
bud destruction stage partially explains why so little impor­
tance has been attached to this insect in the corn belt. It 
has been only in comparatively recent years that the serious­
ness of root destruction of older plants, as related to the 
over-all root rot - root destruction complex, has been recog­
nized. 
Bigger et al. (1938, p. 102) state that; 
Southern corn rootworm Diabrotica duodecim-
punctata (P.), is a common pest of corn in the com 
belt of Illinois. It is frequently responsible for 
losses amounting to 26 per cent of the plants when 
they are 6 to 18 inches tall, or midseaaon lodging 
of 40 to 50 per cent of the plants followed by 
reduced production and lower quality of the crop. 
These losses are especially important in the central 
and south central section of Illinois. 
Mldseason damage caused by southern corn root-
worm develops primarily through pruning of roots and 
secondarily through development of root-rots follow­
ing pruning. These effects are evidenced by delayed 
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tasseling, silking and inaturityj and by lodging 
of plants. Lodging will occur independent of 
•wind damage, but root pruning and subsequent 
rotting intensify wind damage. Purtbermore, corn 
badly lodged following severe rootworm damage 
cures so slowly that harvesting was delayed from 
one to two weeks• 
In this report also are found the first results of a 
planned experiment to measure resistance of corn inbreds, 
hybrids, and open pollinated varieties to the southern corn 
rootworm. Root examinations indicated that the rotting 
which followed root pruning by the insect was an important-
coii?)licating factor. Plants standing the latter part of 
September and early October in fields heavily infested with 
southern corn rootworm were those whose root systems had not 
only been renewed by branching above the point of pruning, 
but also tiiose that had resisted the rotting ^ich usually 
followed severe pruning. Roots of some plants neither 
branched following pruning nor rotted; while roots of other 
plants branched but rotted badly before maturity. An effec­
tive combination for yield of sound corn under heavy root-
worm infestation was the capacity in the same plant to renew 
the root system rapidly following pruning and its resistance 
to subsequent root rotting. Bigger (1941), in writing about 
the Illinois com breeding program, reports a preference of 
the adult D. undecimpunctata howardi beetle for certain 
strains of corn, and a differential response of the plants to 
larval attack. Adult preference for specific lines could not 
be correlated with root injury to these lines by the larvae. 
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In the Illinois com performance test for 1939, Copper 
et al« (1940) reported that two of ten test fields vjere 
noticeably damaged by the southern corn rootworm. The five 
top hybrids averaged 16.5 bushels of sound com per acre above 
the average, and 12.7 per cent less stalk lodging. In the 
1940 tests. Copper et al. (1941) reported two of twelve fields 
measurably daraaged, while in 1941 five of the twelve test 
fields were damaged. 
Bigger et ala (1941) mention other injury to corn, such 
as the direct effect of lodging on pollinatico . If the pollen 
parents are lodged so that the tasseis are lower fean the 
silks to be pollinated, incomplete pollination may result and 
poorly filled ears with irregular or round kernels may be 
obtained. In addition, the increased use of mechanical har­
vesters during recent years has intensified the demand for 
corn plants that will resist lodging and will remain firmly 
anchored in the soil throu^ the harvest season. Throughout 
Illinois, Bigger (1941) observed many fields in -which the 
plants were so insecurely anchored, following severe rootworm 
attack, that it was necessary to harvest by hand. 
Dungan et al. (1944) attributed an average of 8.9 per 
cent lodging to southern corn rootworm attack in Illinois 
during 1943. Rootworms caused a great deal of lodging in 
northern Illinois cornfields in 1944 and com yield tests 
entries were reported lodged from 4.3 to 45.7 per cent 
(Dungan et al., 1945). Rundquist et al. (1948) gave 33.6 
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per cent as an average for lodging due to southern corn root-
worm in 1947. Pendleton et al» (1949) reported the soutbera 
com rootworm active in all Illinois test fields in 1948. 
Pringsheim (1858) created the genus Pytbium in 1858. 
Pytbium monospermum and P. entophyturn were the first species 
described. When Zopf (1890) transferred P. entophyturn to 
Lajgenidiom en tophy turn. P. monospermumj a species bearing 
filamentous sporangia became the type species for tiie genus. 
graminicolaa an inflated filamentous sporangial type, was 
described in 1928 by Subramaniam (1928). 
Thouf^ Treub (1885) referred to a Pytbiiai as a possible 
cause of sugar cane root rot, it remained for Carpenter (1921), 
working in Hawaii^ to present satisfactory evidence that the 
filamentous sporangial ^thiuais were of major importance as 
root rot producing agents of gramineous crops. 
Following Carpenter's publication came reports from 
widely separated localities and countries implicating Pythiums 
with inflated filamentous sporangia as the cause of root rot 
of important crop plants of the grass family. Root rots of 
sugar cane were described in Puerto Rico by Bourne (1924) 
and in the southern states by Edgerton et al. (1930). Root 
rots of corn were reported in the central states, by Johann 
et al. (1926), Valleau et al. (1926), and Branstetter (1927); 
in Italy, by Curzi (1929); and in the Philippines, by Roldan 
(1932). The fungus in each case was not identified, but its 
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siiailarity to the species described from sugar cane by 
Carpenter (1921) was stressed. 
Carpenter (1921) originally ascribed the binomial, P. 
butleri» to his fungus, later (1928) designated it as P, 
aphanidermatumj and still later (1934) identified it as P« 
Kraninicolaa which Subramanian (1928) had described as causing a 
root rot of wheat in India. 
Drechsler (1928) described a parasite of corn as P. 
arrhenoaanes and later (1936) assigned Carpenter's fungus to 
this species, setting forth morphological features by ^ich 
?• graminicola and P. arrhenomanes could be separated. 
Middleton (1943), however, identified cultures received from 
Carpenter as P. graminicola. Rands and Dopp (1934) isolated 
both species from roots of sugar cane and were unable to 
differentiate between the attack of the two on roots of corn 
and sugar csuie. 
The review of the above publications has not been 
included here as an attempt to clarify the confusion con­
cerning the taxonomic position of these species, but rather 
to point out the significance of the close association between 
the root rots of gramineous crops and these t-cro closely related 
species of fungi. With few exceptions, Pythium species con­
cerned with root rot of members of the Gramineae belong to 
the group possessing inflated filamentous sporangia. The most 
important of these are P. graminicola and P. arrhenomanes. 
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The virulence of P« ^raminicola as a root pathogen is 
well known. Edgerton et al« (1929) reported that Pythium 
spp, were the only fungi isolated in Louisiana •which con­
sistently penetrated the stele of sugar cane roots. Kbehler 
and Holbert (1930) claimed that in soil of well balanced 
fertility^ Pythium sp. was the only fungus that ha^ been def­
initely determined as causing a rot of th© adventitious root 
system of corn. Andrews (1943) found HeIminthosporium 
sativum and graminicola to be the most pathogenic fungi 
isolated from the roots of grasses grown at St, Paul, 
Minnesota. Ssmeniuk et al. (1948), in evaluating resistance 
of different corns to P. sraminicola under steamed soil con­
ditions reported that despite the introduction into freshly 
steamed soil of only a very small quantity of inoculum, the 
fungus was able to develop rapidly throu^ the soil and to 
cause such severe root necrosis that nearly all the corns 
tested had to be rated as susceptible. Of the organisms 
isolated by Ho (1944) over a period of five years from the 
roots of maize, those highly pathogenic were debaryanum, 
P. graminicola and Gibberella saubinetii. 
Some evidence has been presented which indicates 
variation in resistance or susceptibility to P. graminicola 
among varieties or strains of crop plants. Melhus et al. 
(1937) compared root and top growth of inoculated and unin-
oculated corn seedlings and reported a great difference in 
susceptibility of different kinds of com to infection by 
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P. ^ranilDicola» Stutzraan (1942) reported that yields of tops 
and disease ratings of roots of inbred lines agreed closely. 
Melhus et al. (1946) tested 1400 lots of exotic corns for 
their resistance to P. graminicola« At the end of twenty-one 
days the severity of attack by the root parasite was recorded 
according to reduction in height of the seedlings and amoiint 
of root necrosis and root development. Approximately fifty 
lots showed ten per cent or less reduction in plant height 
and a root necrosis score of one or less. Necrosis scores 
ranged from 1 to 5 according to severity of damage. The 
majority of tiie corns were in the susceptible classes wife a 
40 per cent or more reduction in plant height, and a root 
necrosis score of 3 to 5. 
Grafius (1943) tested forty-five varieties of #ieat for 
resistance to P. graminicola and found no variety with out­
standing resistance to this species. Murphy et al. (1946) 
tested one hundred and foiar varieties of barley, using two 
isolates of P. graminicola. On the basis of average root 
length, expressed as a percentage of non-infested checks, 
some varieties and selecticos were significantly less sus­
ceptible than others. It was suggested by Hawk and Welch 
(1948) that superiority of bromegrass of southern origin in 
comparison with northern strains may be due to differences 
in tolerance to P. graminicola. 
Pythium graminicola has been reported as causing 
extensive damage to crop plants in Iowa. Ho and Melhus (1938) 
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identified ?. graainicola as the causal agent responsible for 
•widespread barley losses in 1936 and 1938« Ho et al» (1941) 
described symptoms in the field as the occurrence of yellow 
and dwarfed plants with many of the root terminals decayed# 
The infected portions of the roots soon disintegrated and only 
browa-tipped stubs of former lateral roots remained. In very 
severe cases the seedling toppled over^ dried up and dzLS** 
appeared. Older plants were stunted, beaded shorter, and were 
conspicuously yellow. 
Melhus et al. (1940) reported that 18 per cent of the 
isolations made from late planted corn were of Pythiiama and 
that of 87 Pythium isolates, all but four were P. graminicola. 
Among the diseases of Iowa cora in 1940, Pythiura root rot 
and Diplodia stalk and ear rot were most destructive according 
to Melhus et al* (1941), Com yields were reduced an estimated 
16 per cent in 1944 because of the presence of root-attacking 
fungi (Melhus et al., 1945). 
The literature contains many accounts of experiments 
dealing with the effect of temperatijre, moisture, soil pH, 
and soil fertility on Pythium root rot. The reports con­
cerning the part played by soil inhabiting animals and Pythium 
root rot are mostly fragmentary and inconclusive. Rands (1924) 
thought that pits made by a small snail, Zonitoides arvoreus 
(Say) made possible the entrance of root rotting fungi. 
Later, Rands (1926) found two centipedes, Arenophilua 
bipuncticyss Wood and Hanseniella unguiculata (Hensen) 
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Bagcall, also implicated in the pitting of sugar cane roots. 
However, he failed to establish the relationship of the pits 
to the final complex called "root rot", Barnum and Van 
Zrueluwenburg (1927) reported that the growth of sugar cane 
was reduced "by either Isotomodes or a parasitic species of 
Pythi"wi, but that the loss was more pronounced when both 
were present© 
Spencer and Stracener (1929) found pitting due primarily 
JU^  •WW A A ^  4 V* rr a "f* T T  ^ et  ^  ^ +! 
X/O V W U, W*lfcW W ^ Jb»A4W( WC« WW WMC* V 
the destruction of siaall secondary roots was more important 
than pitting. 
Plor (1930) conducted controlled experiments to deter­
mine the relative importance of root pitting Collejnbola 
and a parasitic species of Pythium. Sugar cane was grown 
in the greenhouse in pails of steamed soil. Checks were 
uninfested, while others were infested with Iiepidocyrtua 
violentus alone, or with Pythlum sp. alone, or with L« 
violentus and Pythium species together. His results are 
included in Table 1 taken from Plor, 
The results indicated that the influence of the 
springtails and Pythium both independently and in combina­
tion was greater tonder the cool spring growing conditions 
than tuader stimmer conditions. Examination of the roots 
Table 1. The influence of Pythlum and Lepldooyrtua vlolentua 
(Folaom) on the growth of LouTsi^m purple cane in 
sterilized soil in the greenhouse (From Plor, p. 17, 
1930). 
Feb» 7 to Apr. 11, 1928 July 7 to Sept. 17. 1938 
Treatment 
Length of Per cent plants Length "oF" Per cent plan to 
stem In in. stoollng stetm In Ino stoollng 
Check 7.0 0.0 13.7 75 
Lepldooyrtua vlolentus 6.1 0.0 13.8 75 




S.S 0.0 10.7 33 
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did not reveal a great deal of pitting, but there was a 
decrease in tihe nuinber of secondary roots® 
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IIATERIAIS MB J,!ETHOiDS 
Laboratory experiments were conducted in the greenhouses 
of the Botany Department and of the Zoology and Entomology 
Department of Iowa State College, Ames, Iowa. The field 
data were taken during 1946 to 1950 from corn fields located 
throughout the state of Iowa. 
General Plan of the Investigations 
The four following investigations were undertaken: 
(1) Comparison of the survival and growth of aseptically 
grown corn seedlings transplanted into steamed soil| or into 
steamed soil artificially infested with larvae of Dlabrotica 
undecimpunctata howard1; or into steamed soil artificially 
infested wit^ Pythium ^raminicola; or into steamed soil arti­
ficially infested with both the larvae of southern corn root-
worm and P. graminicola* 
(2) Occurrence and identification of those soil inhab­
iting fungi obtained by making isolations either from the 
roots and lower stalk intemodes of nearly mature field grown 
plants, or from roots of corn seedlings of different ages 
grown in soil naturally infested by P. graminicola* In the 
latter investigation, corn was planted in soil which had been 
taken from the field and allowed to remain in sin air di»y 
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condition for sixteen months in the greenhouse headroom. One 
portion of this soil was treated for fifteen days prior to 
planting by watering it thoroughly with leachings from pot 
grown corn plants, another part was watered daily with dis­
tilled water, and a third part received no water prior to the 
planting of the corn seed, 
(5) Survey of stalk and root lodging occurring in field 
grown corn in Iowa» 
(4) Search for hibernating adults of the -southern corn 
rootworm» 
Pythitun-Rootworm Inves tigationa 
Three separate phases of this problem were conducted. 
These involved growing corn plants in steamed soil; or steamed 
soil infested with Pythium graminieola alone; or steamed soil 
infested with Diabrotica undecimpunctata howardi larvae alone; 
or steamed soil infested with both P. graTninicola and larvae 
of D. undecimpiinctata howardi. 
The first trial was set up with very young corn seedlings 
transplanted into wooden containers twelve inches square and 
six inches deep. Pour plants were placed in each container 
at the time P. ^graminieola inocultim and D. undecimpunctata 
howardi larvae were applied. This procedure was unsatisfactory, 
as the young seedlings were either unable to survive the 
attack of the rootworm larvae or escaped injury entirely. 
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In the second experiment a single plant was transplanted 
into a four inch pot. There were foiir treatments of twelve 
plants each and three replications. In these two experiments 
the treatments were; 
(a) Check plants grown in steamed soil. 
(b) Plants growjn in steamed soil infested by P, 
graminicola alone, placed two inches below the roots of the 
seedling at the rate of foiar grams of inocultim per four inch 
pot. 
(c) Plants grown in steamed soil infested bj rootworm 
alone, four larvae per plant. 
(d) Plants grown in steamed soil infested by both P. 
graminicola (4 grams inoculum per pot) and rootworm larvae 
(4 larvae per pot). To the check: pots and to those infested 
with rootworm larvae alone, sterile medium of the same com­
position as that used for growing the Pythium inoculiim was 
added at the rate of 4 grams per pot. 
The third design was arranged to compare two different 
rates of infestation. The size of this experiment was limited 
to nine plants per treatment with three replications. Pythium 
infestations of either 2 or 4 grams of inoculum per pot were 
made. Rootworm infestations were at the rates of either 2 or 
4 larvae per pot. Check plants were grown in steamed soil 
plus sterile medium. 
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Source of the host 
Seed of the Iowa Hybrid 439V, which ia of the composition 
(l!?PS X 1205) (M14 X W22) were used in all greenhouse experimeota® 
According to a personal coumtmication with Dr. George Semenitzk 
of the Botany Department of Iowa State College, this hybrid 
has a fairly high root rot index, yet iinder field conditions 
yields satisfactorily and ia comparable to other Iowa hybrids 
with respect to stalk and root lodging, A hybrid was used, 
since practically all Iowa oovn is now grown from hybrid seed* 
Seed were prepared for planting by washing in running tap 
water for twenty minutes, surface disinfecting for ten minutes 
with a ten per cent solution of commercial Clorox, and washing 
in sterile water for fifteen minutes. In all Pythium-
rootworm experiments, the seed were planted in sterile washed 
white sand in two hundred ml. beakers. Preliminary experiments 
conducted by placing the rootworm larva directly on the radicle 
of the sprouted seed showed that the yoxzng seedling could not 
survive the attack by the larvae. Plants thereafter were 
allowed to develop for a period of from 14 to 17 days after 
germination at which time they were transferred to four inch 
pots. Pythium inoculum and rootworm larvae were added at this 
time • 
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Source of the rootworxg inoculum 
Larvae for the greenhoiase teats were obtained by hatching 
eggs laid by adult beetles collected in the yicinity of Ames 
and Shenandoah, Iowa. All adults examined fitted the descrip­
tion for Diabrotica undeciapunctata ho wardi Barber (Barber, 
1947), 
Handling? the adults 
In the laboratory the adults were placed in wire cages 
one and one-fourth inches in diameter and five inches long. 
Best results were obtained when more than ten beetles were 
placed in a single cage. The cages were placed on sterile, 
moist blotting paper which rested on moist earth. Beetles 
were fed once daily with bean leaves, young corn shoots, 
squash seedlings, or fresh squash fruit. Bean leaves seemed 
to be an excellent food for egg production, but the fruit of 
winter squash did not seem to be conducive to egg production. 
Handling the eg^s 
Eggs laid through the wire of the cages onto the moist 
blotting paper were collected daily and placed on clean moist 
blotting paper or on white sand in small beakers. Koist 
cotton is unsatisfactory as a substrate on which to allow the 
eggs to hatch. In attempting to remove the newly hatched 
larva from cotton, the larva frequently is entangled in the 
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fibers and may become injured. Injury to young larvae is 
usually fatal. 
Although the eggs are quite resistant to desiccation, they 
failed to hatch unless supplied with a humid atmosphere. The 
beakers were kept in ten-inch moist chambers at laboratory 
temperatures. Humidity was maintained by placing wet paper 
towels on the bottom of the chambers. Hatching took place at 
temperatures between 20 and 30® C. within six to ten days. 
Fluctuating laboratory temperatures were better for hatching 
than were constant temper a tiu*es . 
Hand ling the larvae 
If a sufficient number of larvae hatched in one day to 
carry out an experiment, they were placed on tiie roots of 
the corn plants at the time the plants were transplanted from 
the beakers in which they had been growing into the pots or 
boxes. It was found that a bamboo needle was better than a 
regular metal needle for handling the young larvae. When 
the moistened bamboo needle was touched to the posterior end 
of the young larva, it adhered to the needle, and the larva 
could then be placed on or very near the corn root and allowed 
to crawl onto it. The newly hatched larvae were very fragile 
and were necessarily handled with care. 
The young larva are possessed of a great wanderlust and 
if allowed to remain without food they will escape from their 
container and die of starvation or dehydration. Even when 
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food is supplied, larvae must be covered with soil or some 
material to prevent them from escaping. They are also very 
susceptible to drowning in free water, even though they must 
have a moist substrate for development. 
Source of the JPythium inoculum 
The Pythium gramlnicola Subr. used in these experiments 
was isolated by Ho (1944) from the roots of maize growing near 
Ames- Iowa- and has been maintained in culture since that times 
The reason for using this particular culture was that it was 
less virulent than recent isolates. It was desirable to use 
an isolate or strain of Pythium which would not affect the 
plant so drastically as to cause complete destruction. 
Preparation of the Pythixam inoculum 
Inoculiim was prepared by growing the fung"us on potato 
dextrose agar for fourteen days. One-sixth of the inoculum 
from one Petri dish was added to a substrate prepared as 
follows: Five hundred grams of washed white sand and ten 
grams of yellow corn meal were thoroughly mixed, placed in a 
quart milk bottle, moistened with 130 ml. of water and steam 
sterilized for one hour by running live steam over them, then 
for thirty minutes at fifteen pounds pressure. The fungus 
was allowed to grow on this medium for ten to fourteen days. 
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Juat prior to making infestations, the fungus growth and 
the sand- corn meal medium were thoroughly mixedo Four grama 
per four inch pot were applied two inches below the roots at 
the time the plants were transplanted. To each check and to 
the pots with rootworm alone the same amount of sterile medium 
was added• 
Isolations 
Isolations were made from roots of field corn during July. 
August and September of 1946, 1948 and 1949, at which time pre­
maturely fired lower leaves of plants in certain fields had be­
gun to appear. The roots were washed in rxanning tap water for 
approximately one hour; then portions to be plated were excised 
and washed in sterile distilled water. Excessive water was re­
moved by pressing the bits of root between sterile paper towels. 
Root tips, secondary roots, the stele from secondary roots, 
and tissue from the first three intemodes of the stalk above 
the groxand were plated on two per cent water agar and potato 
dextrose agar. The tissue was placed under the water agar in 
order to eliminate bacterial interference with the fungi. The 
identity of recovered organisms was determined and recorded. 
No attempt was made to determine from what variety or hybrid 
the field isolations were made. 
Isolations from roots of plants of different ages grown 
in the greenhouse in soil natiirally infested with P. graminicola 
were made in a similar manner. 
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Stalk and Root Lodging 
Data for root and stalk lodging were taken from fields 
selected at random from many parts of the state of Iowa during 
the month of Octoher, 1949, Samples of one hundred stalks per 
field were taken| twenty-five stalks from four sections of 
the field were examined. The following information was 
recorded: 
(a) The number of stalks broken below the ear. 
(b) The number of broken stalks broken at the point of 
corn borer (Pyrausta nubilalis Hbn.) damage, 
(c) The ntamber of broken stalks showing a stalk rot 
but no corn borer damage. (This was determined by carefully 
slicing the broken and adjacent portions of the stalk mth a 
sharp knife and then examining for evidence of borer tunnels.) 
(d) The number of root lodged plants. (Those leaning 
45 degrees or more from the perpendicular as a result of 
insecure root anchorage.) 
(e) The number of fallen ears prior to harvesting. 
(f) The preceding crop. (Determined after all other 
data had been taken to eliminate possible prejudice.) 
Wo attempt was made to determine the variety or hybrid 
of the corn from which the lodging data were taken . 
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Hibernation of Diabrotica 
uadecimpunctata howardi Barber 
To ftirther add to present knowledge concerning the 
possible overwintering of this insect in Iowa, a search for 
the insect was made in March, 1950, using the regular method 
for collecting dormant insects. At or near areas n^iere 
beetles bad been observed late in the fall of 1949, in addi­
tion to normal search, samples of sod and the crowns and roots 
of alfalfa plants two to three inches deep were collected and 
subjected to treatment in a modified Berlese collecting 
apparatus to determine if any hibernating beetles were present. 
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RESULTS AND DISCUSSION 
Pythitcn-Rootworm Investigation 
Altbou^ the action of the strain of Pythium graminicola 
used in these experiments caused no striking above ground 
symptoias on plants in the seedling stage, the attack of 
Piabrotlcs uadscispuactata howardi produced drastic and 
usually fatal results on very young seedlings, ^aen the 
larvae were placed on the radicle of newly sprouted seed, the 
ultimate effect v/as either the death of the plant, or complete 
escape of injury (Pige 1). Check plants grew well and showed 
no ill effects from transplanting (Fig» 2). In subsequent 
experiments, therefore, plants were allowed to develop for 
14 to 17 days before being transplanted individually into 
pots and exposed to rootworm and/or Pythium inoculum. 
"Bud kill" symptoms became evident (Fig. 3) tfeen the 
roots and mesocotyl were severely injured (Fig. 4), as well 
as when the larva actually entered the crown (Pig. 5) and 
destroyed the growing point of the seedling (Fig. 6). Plants 
so injured may be killed, remain stunted or produce tillers. 
Several instances were observed in which two tillers had 
apparently been divided, and two separate plants resulted. 
These plants were found to be connected in no way; however. 
Pig. 1. Corn seedlings dead and dying from 
attack by the Southern corn rootworm. 
The seedling in the background escaped 
attack. Seedlings were transplanted 
when the primary roots were approxi­
mately two inches in length. 

Fig. 2. Check plants ahowiias no ill effects 
from transplanting. 
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Fig. 3. Seedling showing "bud kill" produced 
"by severe injury to the mesocotyl. 
-50b-
Fig. 4, Severe root and mesocotyl injiiry 
caused by the feeding of Southern 
com rootworm. (Discolored areas 
were reddish bro-wu in the living 
planto) 
-sib-
Fig. 5. Base of plant showing entrance or 
exit tunnel made tay Diabrotica 
uadecimpiinctata hogardl larva. 
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Pig, 6« Plant split open to show destruction 
of its growing point by Diabrotica 
iindecimpunctata howardi larva. 
-33b-
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in only one instance did ajay plant or plants so produced form 
normal ear shoots. Several such plants produced deforiasd ears 
in the tassel position. 
Severe injury of the type just discussed does not always 
"become apparent by the wilting of the central whorl. Some­
times sufficient secondary roots develop to sustain the seed­
ling, and for a time there may be no obvious indication of 
damage. An example of this is illustrated by Fig. 7. The 
center plant shown exhibited no "b;id kill". The extent to 
which this plant was injiired, even though it gave no evidence 
of injury on causal observation, is shown by Fig. 8. It is, 
of course, plainly apparent that such a plant would have small 
chance of surviving conditions such as wind storms, mechanical 
injury fcom cultivating machinery, or further damage by 
insects or fungi. In all probability the ntimbep of secondary 
or brace roots subsequently produced by plants so injured 
would be less than that developed by uninjured plants. This 
point is substantiated by data presented later. 
Com roots mutilated by southern corn rootworm (Fig. 9) 
may serve as loci of infection for various soil borne fungi. 
Many roots injured by southern com rootworm, but not exposed 
to pathogenic fungi, exhibited light to dark reddish discolored 
areas similar in appearance to lesions caused by various root-
disease fungi, including P. graainicola. Fig. 4 shows a root 
with such darkened areas. Isolations made from these areas 
Pig. ?• Plant on the left and right show 
typical "bud kill"; center plant, 
•which was attacked later in its 
development, shows no top injxiry. 
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Fig. 8. Close-up of center plant of Pig. 7 
to show actual damage caused lay 
rootworm. 
.361d 
Fig. 9. A young corn root daraaged "by 




failed to reveal the presence of pathogenic fungi, except in 
cases in which the roots had been taken from soil infested 
"by P. graminicola* The possibility of such Mutilation serving 
as avenues of entrance especially for secondary invading fungi, 
if present, cannot be disregarded# 
Viewed in mass, roots grown in soil infested by 
ffraiainicola were brownish, especially at the root tips, as 
compared to roots of plants grown in uninfested steamed soil® 
The most conspicuous characteristic of these roots, ho7/ever, 
was the absence of fine feeder roots. Some necrotic lesions 
were observed. Isolatiosos from these lesions always yielded 
Z* gpaxainicola. The roots, shown in Pig, 14 (second row from 
top), show this discoloration; absence of small roots may 
also be noted. 
Measured Damage Caused by Diabrotica undecimpunctata 
howsirdi and Pythlum gra mini cola 
?5easurements by weight or by number of organs produced 
by corn plants grown in steamed soil, steamed soil infested 
with Pythium graminicola, steamed soil infested with 
Diabrotica undecimpunctata howardi larvae, or steamed soil 
infested with both P. graminicola and D. \2ndecimpunctata 
howardi. were taken at two stages of plant development. In 
order to secure data from seedlings, the stage at which such 
data are commonly taken, one half of each treatment of one 
replication was harvested thirty-five days after infestation. 
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The remaining two and one half replications were transplanted 
into ten-inch pots and allowed to develop until just prior to 
the pollination stage. 
Damage to seedlings 
Data obtained from seedlings and presented in Table 2 
show the average per plant dry weight of roots to be 1.30 
grams for the check plants; 1.05 grams for the plants exposed 
to Prthiums 0.37 grams for the plants exposed to rootwor»«s| 
and 1.01 for the plants exposed to the Pythium pl-os rootworm 
treatment. The dry weight of tops per plant was 3.80, 2.74, 
0.99, and 2.79 grams, respectively, for plants of the treat­
ments in the order given above. Total dry weights per plant 
were 5.10, 3.79, 1.35, and 3.98 grams for plants of ttie 
respective treatments. For each measurement taken, the check 
plants produced substantially more dry weight than did any of 
the other treatments. The effects of the Pythiiam and the 
Pythitim plus rootworm treatment were very close, without 
appreciable differences. Plants exposed to rootworm, alone, 
had lower weights than plants receiving any other treatment. 
This is accounted for by the fact that some plants were almost 
destroyed but were still apparently alive at the time the data 
were taken. 
Why the plants in the rootworm treatment were damaged 
more severely than those in the combination P. araminicola 
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D» uDdeclmpurictata hoiyard 1 treatnerat was not apparent. A 
lack of rootwona inoculum precluded further -work along this 
line of the investigation. Two possibilities, excluding 
faulty technique, are presented here as suggested leads for 
further investigation. 
Table 29 Average root, top and total dry weight, in 
grams per plant, of corn seedlings grown for 
55 days in steamed soil, steamed soil infested 
with Pythium Araminicola alone, steamed soil 
infested with Diabrotica undeciiapunctata 
howardi larvae alone, or steamed soil infested 


















Pythium 1.05 2.74 3.79 
Rootworms 0.37 0.99 1.35 
Pythiiam plus 
rootworms 1.01 2.97 3.98 
Oae possibility is that P. ^aminicola may parasitize 
the larvae of D. undecimpunctata howardi. There are fungi 
pathogenic to insects in the Phycomycetes, Ascomycetes, and 
the Fungi Imperfecti. In one order of the Phycomycetes, 
the Entomophthorales, nearly all species are exclusively 
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paraaitic on insects. White gruhs (Phyllophagus spp.) are 
often parasitized by a species of Cordyceps. Pjthiim spp, are 
not coEEionly considered to be insect parasites. Until the 
relationship of P, graminicola and D, undecimpunctata howardi 
is definitely established, the possibility of parasitism of 
the rootworm larvae remains an unsettled question • 
The second explanation to be considered is that of an 
adverse effect on the larvae by the medium on -srhich the ?• 
graminicola inoculum was grown. That the sterile medium 
did not affect the larvae in the rootworm treatment does not 
eliminate the possibility that growth of the fungus on the 
medium may produce an environment unfavorable to the main­
tenance of the young rootworm-
Treatments had the same relative effect on number of 
brace roots produced, length of roots, and stalk diameter as 
on dry weight production. These data are presented in Table 3, 
The average number of brace roots produced by check plants 
was 15,0; plants exposed to Pythium, 14,2; plants exposed to 
rootworm, 6.8; and plants exposed to the Pythium plus rootworm 
treatment, 13,0, The average length of roots was 52, 26, 21, 
and 26 cm. for plants of the check, Pythium, rootworm, and 
Pythium plus rootworm treatments, respectively. The diameter 
of stalks, taken at the first node above the brace roots, was 
0.9, 0.8, 0.5, and 0,8 cm. for plants receiving treatments in 
the same order as above. 
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Replication 1 of this experiment is shown in Pigs. 10-lS 
inclusive. The roots of the seedlings harvested are shown in 
Fig. 14. The dark (actually "brownish) discoloration and 
absence of fine roots on plants grown in soil in which Pythium 
was present may be noted. 
Table 3. Average number of brace roots produced per plant, 
average length of roots and average diameter 
of stalk in cm. of corn seedlings grown in 
steamed soil, steamed soil infested with Pythiiam 
graminicola alone, steamed soil infested with 
Diabrotica undecimpunctata howardi alone, or 
steamed soil infested wltn both P. p:raginicola 









None (check) 15.0 32 0.9 
Pythium 14.2 26 0.8 
Roo tworms 6.8 21 0.5 
Pythium plus 
roo tworms 13.0 26 0.8 
DftTnage to older plants 
Under field conditions it is often difficult, or even 
impossible, to accurately estimate the reduced yields caused 
by a primary invader or destroyer of maize roots. Control 
plants unaffected by all pests and pathogens are probably 
Fig. iO. Plants grown in non-infested steamed 
soil. 
•»43l3— 
Fig. 11. Plants grown in steamed soil 
infested with Pythium graminicola* 
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i 
Pig« 12a Plants groTsn in steamed soil 
infested with Diabrotica 
undeclmp-anctata howardi"larvae • 
-•45l3«" 
Pig. 13. Plants grown in steamed soil 
infested with both Pythirna 
graminicola and Diabrotica 
undecimpunctata bowardi larvae. 
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Pig. 14. From top to bottom, roots of plants 
grown in steamed soil, in steamed 
soil infested with Pythiixn graminicola 
alone, in steamed soil infested with 
Diabrotica undecimpunctata howardi 
alone, in steamed soil infested with 
both Pythiiaa graminicola and Diabrotica 
undecimpunctata howardi larvae. 
47i3 
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unavailable under open-field conditions, and other organisms, 
both animal and plant, may invade after the time field obser­
vations are made and before maturity of the plants. These 
factors complicate the process of estimating "loss of yield 
due to" a specific agent. It was therefore desirable to 
allow plants to approach maturity before taking measurements. 
However, ears which develop from uneven pollination, likely 
to result in the case of greenhouse grown plants, are likely 
to vary rather disproportionately. Ther-efor-e, the plants 
from which these data are taken were harvested just prior to 
po 11 in a t io n time • 
The number of brace roots per plant, number of ear 
shoots, diameter of stalk, dry wei^t of roots, tops, ear 
shooand entire plant weight were recorded at this time. 
These data are summarized in Table 4. 
Table 5 presents an analysis of variance of a portion 
of the data summarized in Table 4. The mean square for 
treatments was highly significant for each variant tested. 
With one exception the L.S.D. for the variant means presented 
in Table 4 indicate highly significant differences between 
the check (no treatment) means and means for plants exposed 
to the three other treatments. The difference between 
number of ear shoots on check plants and the number on plants 
exposed to P. j^iraminicola was not significant. Differences 
between the number on check plants and on plants exposed to 
Table 4. Average number of brace roots, and of ear shootsj diameter of 
stalk, and dry weight of roots, tops, ear shoots, and entire 
plant of com grown in steamed soil, steamed soil infested 
Py^bium ftraminicola alone, steamed soil infested with 
Diabrotioa undeoimpunotata howardi alone, or steamed soil 













Ear shoot Total 
weight weight 
per plant per plant 
no. no. om. grama g:i?ams grams grama 
None (check) 17.62 2.08 1.7 2.79 20.26 24.51 47.55 
Pythium 13.04 1.79 1.4 2.09 14.84 13.03 29.97 
Rootworm 9.04 •92 0,6 1.65 11.24 9.81 22.69 
Pythium plus 
rootworm 13.90 1.58 1.1 2.27 13o06 11.76 27.09 
Tablo 5» Analysis of variance of number of brae© roots produced, 















Replicationa 2 3.97 .59 2.15 20.57 
Treatments 3 350.82*''^ 5.54"^* 1451.00^^"^' 3994.75** 
Replications x 
treatments 6 8.24 .21 16.91 24.39 
Plan ts 108 8.46 .31 36.58 92.76 
**Hlghly significant. 
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roc tworm and to Pythium plus roc two rm were significant. The 
results therefore indicate that plants exposed to the action 
of P. graiainicola or D. undecimpunctata howardi larvae or 
to the action of both P. graminicola and D» undecimpunctata 
howardi larvae produce significantly fewer brace roots, less 
root weight, top weight, ear shoot weight and dry weight than 
do plants grown in non-infested steamed soil. 
Table 6 is a conversion of Table 4 on a 'percentage of 
check* basis. The number of brace roots and ear shoots, 
dry weight of roots, dry weight of tops, and dry weight of 
entire plants grown under conditions of the four treatments 
are recorded as a per cent of the amount or number produced 
by check plan ts • 
It is interesting and significant that the character 
most affected by all treatments was that of ear shoot weight. 
Though plants grown in the Pythium jO'aminicola infested soil 
developed 86.1 per cent as many ear shoots as the check plants, 
these shoots weighed only 53.2 per cent as much as the check 
plant ear shoots. Plants exposed to rootworm attack produced 
only 44.2 per cent as many ear shoots which weighed 40.0 per 
cent as much as check plant shoots. Plants of the Pythium 
plus rootworm treatment produced 76.0 per cent as many shoots 
which weighed 48.0 per cent aa much as did check plant shoots# 
The relative number of brace roots as compared to the 
ntimber produced by check plants was for Pythium, 74.0 per cent; 
Table 6, Relative production of brace roots, ear shoots, dry weight of 
roots, ear shoots, dry weight of roots, tops and entire plant 
of corn grown in steamed soil, steamed soil infested with 
Pythium {!;ramMcola alone, Dlabro tloa undeclmpunctata howardi 
"alone, or both P. ^ramlnicola and D» undecimpunctata howardi a 


























None (check) 100 100 100 100 100 100 
Pythium 74.0 86.1 74.9 73,2 53.2 63.0 
Rootworm 51.3 44.2 59.1 55.5 40.0 47.7 
Pythium plus 
rootworm 78.9 76.0 81.4 64.5 48.0 57.0 
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rootworm, 51.35 and Pythium plus rootworm, 78.9 per cent. 
Relative dry weights of roots for the treatments closely 
parallel the relative nturiber of roots for the same treatment: 
Pythium, 74.9 per cent; root-nrorm, 59.1 per centj and Pythltim 
plus rootworm, 81o4 per cent of check plant weight. 
Total dry weight expressed as a percentage of dry weight 
produced by check plants was for Pythium treatment, 63.0; 
rootworm, 47.7; and Pythium plus rootworm, 57.0. 
Whether the reducoc^ 3ar shoot wexght predicts tou&i^ 
reduced yields or delayed development and ultimate maturity 
is "beyond the scope of this investigation . If the reduced 
yields of matured grain is proportional to the reduced dry 
weight of ear shoots and total dry wei^t of the plants 
measured in this experiment, it may be concluded that P. 
graminlcola and D. undecimpunctata howardi. either independ­
ently or Triaen combined, effectively reduce the yield of maize. 
Plants whose roots were exposed to P. graminicola or to a 
combination of P. gramln icola and southern corn rootworm 
larvae produced significantly fewer brace roots and lower 
root, top, ear shoot, and total dry weight than did check 
plants; but these two treaianents did not differ greatly in 
affecting any specific plant characteristic. Rootworms 
alone did more damage to the maize plant than did P. graminicola 
or a combinatioo of P. sraminicola and D. undecimpunctata 
howard i lar vae• 
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Rate of infestation 
The number and size of experiments involving root-aroras 
were liraited tj the number of rootworm larvae available at 
any one time. This dependency upon nimber of larvae irade it 
desirable to know the mininiuai number of larvae necessary for 
effective infestation for experimental purposes, and also to 
know the effects of different rates of Infestation by Pythium 
graminicola and Diabrotica uadecimpunctata howardi > 
Pythium infestations were made at the rates of 2 and 4 
grams of corn meal-sand inoculum per four inch pot of soil. 
Rootworni infestations were at the rate of 2 and 4 larvae 
per four inch pot of soil. One plant was set in eada pot. 
Root weights only were recorded because web worm damage 
destroyed the usefulness of the tops as a source of measured 
data* 
Table 7 presents the average root weight per plant of 
check plants and plants exposed to the two infestation rates. 
The difference between the root wei^t of check plants and 
root weight for plants exposed to all infestation rates was 
significant. The two rates of rootworm infestation also 
differed; t calculated for comparison of two groups by pooled 
variance indicated the two rates of rootworm infestation 
differentiate the plants into two populations. 
J) According to this experiment, two rootworm larvae per 
plant are sufficient to significantly reduce root weights of 
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corn seedlings,^ With increase in the number of larvae 
\ 
attacking a plant, the amotint of damage to the plant also 
increased. 
The two rates of Pythium infestation did not differ 
significantly in their effect on root weight. 
Tahle 7. Dry weight in grams of roots of check plants, 
plants exposed to two rates of Pythium 
sraminicola infestation and two rates of 
infestation by Diabrotica undecimpunctata 
l o f W O A -
Infestation 
Hone Pythium Rootworm 
2 gram 4 gram 
per pot per pot 2 per pot 4 per pot 
4.96 5.64 3.61 3.69 5.06 
Isolations from Maize Roots 
Prom mid-summer until the time com reaches maturity, 
many fields of corn in Iowa show areas in which the foliage 
of plants turns brown and dies. This "firing" of the leaves, 
as it is generally called, usually begins with the lower 
leaves and progresses upward until the foliage and the stalk 
itself, in many cases, are dead. These areas of prematurely 
ripened or "fired" plants are very conspicuous, and have for 
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a number o f  years been observed by plant pathologists in the 
com belt. 
Isolations from field grown plants 
In the late sTojumer and early fall of 1946, and to a 
lesser extent in 1948 and 1949, isolations were made from 
root tips, secondary roots, the stele of secondary roots, 
and the first three above-ground internodes of the stalk 
from com plants shovfing "firing" of the lower leaves. 
The fungi recovered and identified, and that portion 
of the plant from which the isolation was made are summarized 
in Table 8. 
At the time the identifications were made, the writer 
considered P« arrhenomanes Dres, synonymous with P. gparrn'riicola* 
A total of 658 isolates were identified, some to genus and 
others to species. One hiondred and twenty-two isolates were 
identified as P. ^aminicola or P. arrhenomanes. The fungus 
isolated next most frequently was Glbberella saubinetll 
(Mont.) Sacc., followed in decreasing frequency by Fusari"«» 
app., Pythium spp. (other than P. gramlnicola and P. arrhenomanes), 
Rhizoctonia spp., Penioillium app., Haplographi-um spp., 
Helminthosporium sativum P.K. and B., Asper/^gillua spp., 
Alternarla app., and Diplodia zeae (Sohw.)Lev.. Unidentified 
bacteria were the only organisms found in thirty of the 
isolation plates. 
Table 8, organiaraa isolated from roots and stalka of field corn, 
the number of times each fungua was found, and that part 




Plant part from which isolation waa made 






of stalk Total 
Pythium graminicola 
and 
Pythium arrhenomanes 41 36 25 30 122 
Gibberella saubinetil 17 18 56 91 
Pusarium spp. 9 33 20 23 85 
Pythium spp. 34 6 IS 13 70 
Hhizoctonia spp* 31 18 9 2 60 
Penicillium spp. 42 3 7 52 
Haplographium spp. 8 27 13 48 
Helminthosporiura spp# 16 4 19 39 
Aspergillus spp* 7 8 6 7 29 
Diplodia zeae 3 2 11 15 
Alternaria spp. 12 9 1 22 






Isolatlops from greenhouse grown plants 
For a number of years it has been known that symptoms 
resulting from attack hy Pythium graminicola do not become 
apparent for some time after the seedlings have emerged 
(Holdan9 1932; Buchholtz, 1942; Vanterpool and Sprague, 1942; 
and Ho, 1944)• Previously reported attempts of isolations 
(Summers, 1947) from roots of "barley of various ages did not 
reveal the presence of P. graminicola on the roots of very 
young or small seedlings. It was then suggested that the 
age, and possibly the stage of development of the plant, 
were connected with the time at which P. sraminicola became 
associated with the roots. 
To determine if an activation of the fungus could be 
initiated which would shorten the time between planting and 
the time graminicola becomes associated with the roots 
of corn, soil known to be infested by P. graminicola was 
taken from the field, air dried, and allowed to remain in 
a dry state for sixteen months. The soil was then divided 
into three portions. One portion was watered for fifteen 
days prior" to tiir.e of planting with leachings from pots 
containing growing com plants. The second portion was 
watered daily for fifteen days with distilled water; and 
the third portion received no moisture prior to time of 
planting* 
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Isolations -were made f2?om roots of corn plants grown 
in each of the three portions of soil at sixteen days and 
fifty-six days after the seed were planted* 
Less than 8 per cent of the isolations, made on the 
sixteenth day after planting, containing P. araminicola. 
and there was no difference between the number of times the 
fungus was isolated from plants grown in soils undergoing 
the different treatments. Pifty-aix days after planting, 
Ps graminicola was recovered from 95 per cent of the roots 
from which isolations were made. There was no difference 
between the number of graminicola isolates from plants 
grown in the soils receiving the different treatments. 
Field Observations, and lodging, of Corn in Iowa 
Stalk and root lodging of com is the result of various 
factors, including the prevalence of insect and disease 
damage initiated at various times during the growing season. 
A resiame of field observations bearing on the insect and 
disease complex affecting corn will be presented, followed 
by data dealing with the stalk and root lodging situation 
of field corn in 1949. 
Field observations 
During the spring and early summer of 1949, there were 
observed in Iowa several fields in which injury to seedling 
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corn by Dlabrotlca iindeclmpunctata howardi was present. 
Three fields were replanted due to ravages of the southern 
corn rootworm, and two fields had 2 to 3 per cent of the 
plants exhibiting typical "bud kill". The roots of the 
plant shown in Pig. 15 are from a seven-weeks-old plant 
which, in the field, was stunted, had tillered, and was 
generally unthrifty in appearance. The roots had been 
perforated (Pig. 16) by southern com rootworm larvae| also 
there was discoloration of the portion perforated (Fig. 17). 
This discoloration was darker, almost black, (Pig. 15) 
as compared to the discoloration of the roots grown in 
steamed soil and exposed to rootworm attack alone, or to the 
lesions observed which were caused by P. firaminicola. This 
suggests that possibly some secondary invading fungus or 
fungi other than Pythium may have been involved. Helmintho-
sporium sativum and an unidentified Penicillium spp. were 
isolated from these areas. None of the roots of this plsmt 
showed any discoloration unless rootworm injury was present. 
In general, injury to com in the seedling stage which could 
without question be attributed to the southern corn rootworm 
was not extensivee 
The adult beetle of the soutiiern corn rootwoi^a is an 
omniverous feeder and rarely does enough feeding on corn to 
cause serious damage. At times, however, beetles become so 
numerous in certain fields that the ragged appearance of the 
Fig. 15, Roots of seven-week-old field corn 
plant severely attacked by Diabrotlca 
tuad e cimpuoc tat a howardi larvae • Note 
the discolored roots, suad areas of 
roots which have been damaged# 
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Fig* 16. Discolored roots showing typical 
Diabrotica und eclapunctata howardi 
larvae damage. This is the saae 
plant shown in Pig. 15. 
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Fig. 17. Diacoloration spreading from holes 
made by rootworm. Portion of root 
showing no rootworm injury had not 
yet become discolored. 
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leaves uposa which they have Ted becomes noticeable. Pig. 18 
shows a plant which has had its lower leaves partially 
destroyed by the feeding of adult beetles. Approximately 50 
acres of corn were observed in which evidence of adult feeding 
was noticeable. 
Two fields of com were observed in mid-summer in which 
sever© root lodging was the direct result of action by the 
southern corn rootworm. Several other fields were observed 
in which root lodging was severe, but in these cases the 
northern corn rootworm (Diabrotica longgicornis) and decay 
due to fungi appeared to be of major importance. 
Probably the amount of known damage which is severe 
enou^ to cause mid-season root lodging is insignificant as 
compared to the losses suffered from insect and disease 
destruction of roots, of which the cause is not so readily 
recognized# 
An example of the complexity of root destruction of corn 
grown under field conditions can be illustrated by Pigs. 19 
and 20. The two plants shown in Pig. 19 are the same hybrid, 
grown in the same field, and receiving identical cultivation. 
Corn had been grown on one part of the field for the two 
preceding years; soybeans had been grown the previous year 
on the other part, and hay had preceded the soybeans. The 
roots shown on the left were typical for the plants on the 
land following the soybeans, while the roots shown on the 
Pig. 18. Corn plant which shows the lower 
leaves partially destroyed, and the 
ragged appearance of other leaves, 
due to feeding of adult Diahrotlea 
undeciapunctata howardi« 
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Fig. 19, Roots on the left grotna on land 
following one year of soybeans, 
Tidaich followed hay; roots on the 
right grown in the same field but 
in a part on which com had been 
grown for two preceding seasons. 
-6613-
'jumsi 
Fig. 20» Roots of two different inbreda 
grown in adjacent rowa in the same 
field. Uote the dead lower leaves 
of the plants on the left and the 




right were typical of the corn grown on the part of the 
field which was planted in corn the two previous years. 
That factors other than rotation are involved may be illus­
trated cy Fig, 20, The roots of the two plants shown on 
the left were grown in the same field in the adjacent row 
to the plant whose roots are shown on the right. The roots 
are from two different inbreds grown in a hybrid seed corn 
field. In the two cases cited above, both rootwona and root 
disease damage were very much in evidence. 
The difficulty of malcing a diagnosis regarding the cause 
of root destruction, such as that illustrated above, may well 
be understood. In breeding seed com resistant to rootworm 
or root disease fungi, a knowledge of the organisms present 
and their respective roles in causing root destruction will 
be helpful. Better techniques for determining the effect of 
these organisms both independently and in combination on 
roots of maize might well constitute a significant portion of 
a sound program for corn improvement. 
Stalk and root lodging of com in Iowa 
The fall of 1949 offered an unexcelled opportunity in 
Iowa for observing lodging conditions on a state-wide scale. 
On October 10, 1949, a severe wind storm of unusual uniformity 
swept the entire state. It was believed that differences due 
to local storms and other conditions would be minimized. The 
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increasing uae of mechanical corn pickers has also increased 
the acuteness of the stalk and root lodging problem in Iowa. 
The advent and seriousness of the European COTO borer 
(Pyrausta nubilalis) have diverted much attention from stalk 
and root lodging of corn caused by other pests and pathogens. 
The results of the survey reported here were an attempt, 
by critical examination of corn fields over a wide area of the 
state, to determine, evaluate, and report the corn lodging 
situation for the year i949» The data were collected from 
forty-five fields selected at random and located in fifteen 
counties• 
The data tabulated in Table 9 are from each of the fields 
sampled. Column one, excluding field nmber of Table 9, 
records the percentage of stalks broken below the ear. This 
varied in the different fields from 8 to 88 per cent of the 
stalks; the average for all fields was 38,6 per cent, Irs 
column two is the percentage of broken stalks which were 
broken at the point of European corn borer injury. In the 
different fields this varied from 33,2 to 100 per cent; the 
average for all fields was 78,0, In coltuain three may be 
found the percentage of stalks broken below the ear, broken 
at a point which showed stalk rot but no cora borer damage. 
This varied from 0,0 to 45,0 per cent; the average for all 
fields was 9,9, Root lodged plants (plants leaning 45 degrees 
or more) are given in column four in per cent. Variations 
NOTE TO USERS 
Oversize maps and charts are microfilmed in 
sections in the following manner: 
LEFT TO RIGHT, TOP TO BOTTOM, WITH 
SMALL OVERLAPS 




fable 9* cent com stalks "brokea "belov the e&r, per cent 'broken stalks 
com "borer (Pyrsasta im'bilalig) daisage, per cent 'broken stalks si: 
'but ao "borer damage, per cent of plants root lodged, and the per 
on the groxaad prior to harrest in forty-fire Iowa cora fields. 
Stalks Broken stalks Broken stalks Plants root Com oz 
Field broken broken at point shovitis stalk rot. lodged ^^5° grotmd pz 
no. "belo^f ear of borer daaaage no borer dasiage or Biore to harre 
per cent per cent per cent per cfflit per esE 
1 Ult 90.9 9.1 18,0 12,0 
2 55 85.7 9.3 21.0 6,0 X 32 62,5 20.0 20.0 12.0 
81.8 13-2 36.0 2U.,0 
5 75.0 25.0 12.0 12.0 
6 Si 60.0 20,0 lOoO 9c»0 
7 12 33.3 28.2 6g.o U.o 
S 63 81.3 13.7 0,0 32.0 
9 23 50.0 k^.O 28.0 12,0 
10 Sg 50.0 ko,3 1,0 12.0 
11 IJO 60.0 25,0 1,0 2.0 
12 ilO 100.0 0.0 2.0 20.0 
25 83.3 11.7 33.0 28.0 
Ik 20 100,0 0.0 19.0 20.0 
15 29 100.0 0,0 2.0 5.0 
16 36 55.5 39.5 20.0 i^.O 
17 56 57.1 30.7 8.0 27.0 
18 63 68.8 1.3 15.0 12,0 
19 27 100.0 0.0 Less than 1^ 8.0 
20 56 7I.H 0.0 7.0 ' 9.0 
21 28 85.7 0.0 k.O 12,0 
22 28 100.0 0.0 12.0 16.0 
23 2k 33.3 1.0 ^.0 U.o 
2k 25 61^.0 0.0 U7.O 2U.0 
25 36 77.S 5.0 0.0 12,0 
26 35 lOOcO 0.0 11.0 13.0 
27 16 100,0 0.0 52.0 2,0 
2S 15 53.3 6.7 50.0 12.0 
29 V 100.0 0.0 12.0 11.0 30 ko 100.0 0.0 6.0 ilO.O 
31 6s 76.5 23.5 10.0 19.0 
32 k3 90.9 9.1 31.0 20.0 
33 25 100.0 0.0 9.0 35.0 
3^ 90.9 9.1 2.0 Mo.o 
35 33 87.5 2.0 Less than 1^ 8.0 
k9.Q n.o O.fJ 17.0 
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i stalks Itroken Iselov the e&r, per cent 'broken stalks "broken at point of 
'yraxista aaMlalia) damage, per cent ])roken stalks shoving stalk rot 
daioage, per cent of plants root lodged, and the per cent of fallen ears 
L prior to harvest in forty-five Iowa com fields. 
s Broken stalks Plants root Corn on Locali^ 
,nt showii^g stalk rot. lodged gronnd prior Previous of 
no tiOTer dasag® or Bore to harvest crop field 
per cent per c^t per cent 
9.1 IS.O 12.0 Com Bevada 
9.3 21.0 6.0 Com Hevada 
20.0 20.0 12.0 Soybeans Aaes 
13.2 36.0 2K0 Com Amfta 
25.0 12.0 12.0 Oats Aaes 
20=0 10,0 9.0 Com ijaes 
22.2 6g.O k,o Com Boone 
13.7 • 0.0 32.0 Oats Boone 
1^5.0 28.0 12.0 Com Boone 
^.5 1.0 12.0 Oats Aaes 
25.0 1.0 2.0 Oats Aaes 
0.0 2.0 20.0 Soybeans Gilbert 
11.7 33.0 28.0 Com Gilbert 
0.0 19.0 20.0 Com Aaes 
0.0 2.0 5.0 Oats Ames 
39.5 20.0 il-.O Com Ames 
30.7 S.O 27.0 Unknown Aaes 
1.3 15.0 12.0 IJhknovn Ames 
0.0 Less than S.O Soybeans Karshalltowa 
0.0 7.0 " 9.0 Alfalfa KarshalltovB 
0.0 i^.O 12.0 Soybeans Malcolm 
0.0 12.0 16.0 &rass sod Kontezttaa 
1.0 ^,0 U.o Ihird yr. Honteznaa 
com 
0.0 H7.0 2U.O iEhird yr. Oskaloosa 
com 
3»0 0.0 12.0 Alfalfa Oskaloosa 
0.0 11.0 13.0 Com Oskaloosa 
0.0 52.0 2.0 ?Cfarth Snozville 
6.7 
yr. com 
50.0 12.0 Corn Indianola 
0.0 12.0 11.0 Oats Xndi^ola 
0.0 6.0 ^.0 Oats Belmond 
23.5 10.0 19.0 Oats Gamer 
9.1 31.0 20.0 Oats Oamer 
0.0 9.0 35.0 Oats Sssiaetsbarg 
9.1 2.0 iJO.O Oats Eaaietsburg 
2.0 Less than 1^ 8.0 Soybeans Spencer 
0.0 0.0 17.0 Oats Sutherland 
6 81 60.0 20.0 10.0 9.0 
7 12 33.3 28.2 6s.o U.O 
S 63 SI.3 13.7 0.0 32.0 
3 23 50c0 2S.0 12.0 
10 88 50.0 ko,3 1.0 12.0 
11 ^0 60.0 25.0 1.0 2.0 
12 ito 100.0 0.0 2.0 20.0 
13 25 S3o3 11.7 33.0 28.0 
S 20 100»0 0.0 19.0 20.0 
15 29 100.0 0.0 2.0 5.0 
l6 36 55.5 39.5 20,0 ^,0 
17 56 57.1 30.7 8.0 27.0 
18 63 68.8 1.3 15.0 12.0 
19 27 100.0 0.0 Lass than 1^ 8.0 
20 56 71.^^ 0.0 7.0 ~ 9.0 
21 28 85.7 0.0 if.O 12.0 
22 28 lOOoO 0.0 12.0 16.0 
23 2^ 33.3 1.0 1^8,0 H.O 
2k 25 6^.0 0.0 1^7.0 2k.O 
25 36 77.8 3.0 0.0 12.0 
26 35 100.0 0.0 11.0 13.0 
27 16 100.0 0.0 52.0 2.0 
28 15 53.3 6.7 50.0 12.0 
29 27 100.0 0.0 12.0 11.0 
30 Uo 100.0 0.0 6.0 ilO.O 
31 68 76.5 23.5 10.0 19.0 
32 1^3 90.9 9.1 31.0 20.0 
33 25 100.0 0.0 9.0 35.0 
3U m 90.9 9.1 2.0 ito.o 
35 33 87.5 2.0 Less tiiaaii 1$ 8.0 
36 56 1^2.9 0.0 0.0 17.0 
37 g 100.0 0.0 Less than 1^ 10.0 
38 52 92.3 1.0 12.0 20.0 
39 29 100.0 3.0 5.0 23.0 
56 70.0 0.0 8.0 16.0 
Ul 2l^ 50.0 15.0 28.0 17.0 
h2 36 80.0 20.0 2KO iKo 
H3 29 90.0 Ko 5.0 12.0 
33 81.0 3.0 3.0 11.0 
»+5 
—M 79.0 13.0 b.O 20.0 
Total 1738 3111.7 W.6 708,0 697.0 
Arer&se 38.6 780O 9.9 15.7 15.5 
ao.o 10.0 9.0 Com iaea 
2S.2 6s.0 U.o Com SOO&0 
13-7 0.0 32.0 Cats Sooae 
ij§.0 2S.0 12.0 Oora 
ko,3 1.0 12.0 Oats ibaes 
25.0 1.0 2.0 Oats Aaes 
0.0 2.0 20.0 Soylseaas Sllberfe 
11.7 33.0 2S.0 Com Gilbert 
0.0 19.0 20.0 Com Ames 
0.0 2.0 5.0 Oats Ames 
39.5 20.0 4.0 Com Aatea 
30.7 S.O 27.0 Ualsioim Ames 
1.3 15.0 12.0 Itelaiovn Ames 
0.0 Less tliaa. 1^ S.O Soylieazie Marshalltova 
0.0 7.0 ' 9.0 Alfalfa Narshalltown 
0.0 h.Q 12.0 Soyteans Malcolm 
0.0 12.0 iD.O (rrass sod Moatezusa 
1,0 5^.0 U.O Eilrd yr. Honteznaa 
com 
0.0 ^1,0 2U.0 2hlrd yr. Oskaloosa 
eom 
3.0 0.0 12.0 Alfalfa Oskaloosa 
0.0 11.0 13.0 Cora Oskaloosa 
0.0 52.0 2,0 Fourth Zjaozvllle 
6.7 
yr. com 
50.0 12.0 Com ladisaola 
0.0 12.0 11,0 Oats Xadiaaola 
OoO 6.0 JK).0 Oats Bdlmond 
23.5 10.0 19.0 Oats Samer 
9.1 31.0 20.0 Oats Earner 
0.0 9.0 35.0 Oats Emsietsbari; 
9.1 2.0 Mo.o Oats Saoetslnzrg 
2.0 Less tlian 1^ 8.0 Soylieaus Speacer 
0.0 0.0 17.0 Oats Sutherland 
0.0 Less than Vf> lO.O So7l>eaas Sutherlaad 
1.0 12.0 20.0 Cora Lake Tieir 
3.0 5.0 23.0 ITnknova CIlaton 
0.0 S.O 16.0 Unknova Cliatoa 
15.0 2S.0 17.0 Com HeTada 
20.0 2l;.0 li^.o Cora Herada 
Ko 5.0 12.0 Soylieaas Shexiaadoah 
3.0 3.0 11.0 Soybeans Shenandoah 
1-5.0 6.0 20.0 Oats Shenandoah 
Wi-.S 708.0 697.0 
9.9 15.7 15.5 
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"between the fields -crere froxa 0.0 to 68.0 per cent; the average 
for all fields -was 15.7. In column five is the actual percent­
age of ears which were broken from the stallc and lying on the 
ground prior to harvesting. The ntimher of fallen ears varied 
from 2 to 40 per cent between the fields; the average for all 
fields was 15,5. 
To form Table 10, the fields were grouped according to 
the crop which preceded the corn. Grouping the fields in 
this manner brought to light one interesting relationship: 
root lodging in fields of corn following com was 30.9 per 
cent, as compared to 7.7 in fields following oats, and 4.4 
per cent in the fields in which the preceding crop was 
soybeans. On the basis of the data from the fields examined, 
root lodging has a hi^er incidence in fields in which corn 
follows corn than in fields on which oats or soybeans had 
been grown the previous year. Whether this difference was 
due primarily to a build-up of northern corn rootworm, root 
rot disease fungi, or to a combination of the two was not 
determined. 
Hibernation of Diabrotica undecimpupctata howardl Barber in 
Iowa 
Sweetman (1926) did not determine whether the southern 
corn rootworm overwinters in Iowa. Smith and Allen (1932) 
observed that the adult did not overwinter north of central 
Missouri and that no true hibernation occurs in the South. 
Table 10, Per cent of stalks broken below the ear, broken stalka 
broken at point of corn borer (Pyrauata nubilalia) damage, 
broken atalks showing stalk rot but no borer damage, plants 
root lodged, and fallen ears on the ground prior to harvest 





















per cent per cent per cent iper cent per cent 
Corn 17 33.4 71.4 12.9 30.9 13.2 
Oats 13 47.5 80.5 12.2 7.7 20.4 
Soybeans 8 28.7 88.3 3.6 4,4 11.6 
Alfalfa 2 46.0 74.6 1.5 3.5 10.0 
Unknown 4 51.0 74.0 8.7 9.0 19.5 
Sod 1 28.0 100.0 0.0 12.0 16.0 
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They reported that adults of this species regularly migrate 
northward during the spring and early summer and the off­
spring migrate back to the South in the fall. Stanley (1931) 
observed beetles flying southward in the mountains of 
Tennessee at an altitude of 6,430 feet in October. He 
concluded they were migrating southward. 
Observations by the writer are in accord with the 
migration theory because the first beetles observed in the 
spring were not newly hatched adults but hardened and fully 
matured and occurred in large numbers. In the fall, adults 
were observed feeding on winter squash along with Diabrotica 
longicomis and Diabrotica vittata as late as November 17, 
1949. Females collected on this date and taken into the 
laboratory lived \antil January, 1950, but laid no eggs. 
In March, 1950, a thorough search was made of those areas 
in which the beetles were observed in late fall. No beetles 
were found either by searching the trash in the areas or 
by treating sod from the areas in a modified Berlese apparatus. 
It was concluded that Diabrotica undecimpunctata howardi does 
not overwinter in the vicinity of Ames, Iowa. 
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SUMMART 
Corn plants grown in non-infested steamed soil were 
compared -with plants gro-wn in steamed soil experimentally 
infested with Pythiiam graminIcola Subr,, Diabrotica 
undecimpupctata howardi Barber larvae, and both graiainicola 
and Do uadecimpunctata howardi larvae. 
Plants exposed to ?• graminicola» D. undecimpunctata 
howardi larvae or to both P. graminicola and D. tindecimpuactata 
howard1 larvae produced significantly fewer brace roots, less 
root wei^t, top weight, ear shoot weight and total plant 
weight than plants grown in non-infested steamed soil. 
Plants grown in soil infested with P, graminicola 
produced 74.0 per cent as many brace roots, 86.1 per cent 
as many ear shoots, 74.9 per cent as much dry root wei^t, 
73.2 per cent as much dry top weight, 53.2 per cent as much 
ear shoot weight, and 63.0 per cent as much dry plant weight 
as the check plants. 
Plants grown in steamed soil infested with D. undecim-
punctata howardi larvae produced 51.3 per cent as many brace 
roots, 44.2 per cent as many ear shoots, 59.1 per cent as 
much dry root weight, 55.5 per cent as much dry top weight, 
40.0 per cent as much ear shoot weight, and 47.7 per cent as 
much dry plant weight as the check plants. 
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Plants grown in steaaied soil infested with both P, 
graminicola and D. undecimpunctata howardi larvae produced 
78.9 per cent as many brace roots, 6,0 per cent as many ear 
shoots, 81o4 per cent as much dry root weight, 64,5 per cent 
as much dry top weight, 8.0 per cent as much ear shoot 
weight, and 7»0 per cent as much d3?y plant wei^t as the 
check plants. 
Corn seedlings exposed to two rootworm larvae produced 
less dry root weight than plants grown in non-infested soil. 
Plants in presence of four larvae produced less dry root 
weight than did plants exposed to two leirvae. 
There was no difference in root weight of plants exposed 
to infestations of two or four grams of Pythium-corn meal-
sand inoculum. 
Destruction of com roots by insects and fungi is 
common in Iowa. Of 45 cornfields examined, 36.1 per cent 
of the plants were stalk lodged. This varied in the dif­
ferent fields from 8 per cent to 88 per cent. Of the broken 
stalks (stalk lodged), 78.0 per cent were broken at a point 
of European corn borer (Pyrausta nubilalis Hbn.) damage; 
9o9 per cent showed stalk rot but no corn borer damage at 
the point of stalk breakage. Root lodging amounted to 15.7 
per cent of the plants for all fields and varied from 0.0 
to 68.0 per cent among the fields. Percentage of fallen 
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ears was 15.5 per cent for all fields, this varied from 2 to 
40 per cent among the fields. 
No hibernating D« undecimpunctata howardi beetles were 
found in the vicinity of Ames. 
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